Abstract. This paper presents the result that being obtained by development of Kenyir Lake driving cycle for a plugin hybrid electric recreational boat (PHERB) powertrain. This research is conducted by using on board measurement techniques; second-by-second driving speed data correlate to time is collected by using global positioning system of the boat along selected route. A combination of batteries and ultracapacitor pack are used for hybrid energy storage system in PHERB powertrain which is good for driving performance and energy efficiency. The developed driving cycle contains a 2294 s speed time series, with a distance of 8.19 km, and an average and a maximum speed of 12.85 km/h and 36.91 km/h, respectively. The characteristics of KL driving cycle are compared with existing standard drive cycles. The results obtained from this analysis are within reasonable range and satisfactory.
Introduction
In recent years, global warming has become a major concern among all researchers, scientist and academicians. Global warming is associated to steady increase of temperature at Earth's atmosphere. Motor vehicle is one of the main contributors of global warming. Rapid increment in number of vehicles has result in high fuel consumption, which later releases emission. A huge amount of emission released had cause increased volumes of carbon dioxide and greenhouse gas. Therefore, there is a need to conduct a research on method to combat global warming by reducing the fuel consumption and emission. Driving Cycle is a core element in vehicle emission model and powertrain input [1] . A driving cycle is a representation of a speed-time data profile of vehicle for a particular area or city [2] . It is broadly used to determining fuel consumption pattern and estimate vehicle air pollutant emissions for a vehicle in specific place. Driving cycle contain four sequence of vehicle operating condition (idle, acceleration, cruise and deceleration) and is regarded as a signature of driving pattern of a particular place. The aim of this study is to acquire a better understanding of driving characteristics (average speed, running speed, acceleration, deceleration, mean length, time proportion of idling, cruise, acceleration, deceleration, root mean square of acceleration and deceleration, and acceleration energy per kilometer) in KL because the driving cycle at KL is still not exists. The driving cycle that has been developed will be implemented in Plug-In-Hybrid Electric Recreational Boat (PHERB) powertrain. Then, the characteristics of a developed KL river driving cycle for Plug-in Hybrid Electric Recreational Boat (PHERB) powertrain is compared with the existing driving cycles. 
Driving Cycle Development
To construct a driving cycle, three stages were executed in this research which are route selection, data collection and drive cycle construction. In terms of route selection, the selected route is the most common route used by tourist guide to travel along small landmass at KL. For the purpose of data collection, there are three techniques that are available for researcher to collect the speed-time data [3] . First, chase boat technique, where a boat equipped with instrument and sensor is used to record the speedtime data of target boat. The second method is on-board measurement techniques which rely solely on GPS (Global Positioning System) to collect each single second of speed-time data. The third method is combination of both techniques. However, this study only adopts the second method since there are insufficient expert boat driver to undertake the chase boat method. Besides, the second method can minimize the possibility of boat accident. According to the past study [4 -5] , 12 variables are used to analyse and characterize KL driving cycle speed-time data as listed in Table I . Fig. 2 present the flowchart regarding the stages of data analysis and development of driving cycle. The selected route for KL driving cycle development is illustrated in Fig. 3 . 
Data Analysis
The data is collected during the period of 10:00-12:00p.m for 20 days on April 2015. One run is handled to record one data per day. In the end 20 run was collected. SpeedTime data is collected by using Global Positioning System along the selected route around KL. The value of 12 data variables which has been used in conducting the speed-time data analysis is shown in Table 2 . The mean values in Table 3 are obtained from Table 2 . The mean value from table 3 has been calculated by summation of data in table 2 which was divided by 20 runs. After the mean value is gained, the percentage error for all run is calculated in Table 4 . In the Table 5 it shown the most minimum percentage error is from Run 9 that has been calculated in the Table 4 . Run 9 is the one with the smallest percentage error is considered as the best KL drive cycle. The average speed for KL is 12.85 km/h and the average running speed is 12.91 km/h. The results indicated that the speed is very slow. For complete circulation at KL, the rate for acceleration and deceleration is equal which is 0.35.The four vehicle operating modes is calculated. The time proportion of idling, time proportion of cruising, time proportion of acceleration and time proportion of deceleration are 0.44 %, 0.70 %, 49.54 % and 49.37 % respectively. The value of total time and mean length of driving period is equal, that is 2294s. When the driving period is close or equal to total time, it showed that the driving period is high, and it indicates that the route is clear and there is no obstacle along the path. The Root Mean Square for this run is 0.43 and the Acceleration Energy per Kilometer is 0.35. The best KL driving cycle is constructed as presented in Fig. 4 . Table 3 . Mean values of the assessment parameters of grouped runs 
Conclusion
Based on the results of this study, it can be concluded that the proposed method is possible to generate a KL driving cycle for PHERB powertrain in order to measure fuel consumption and emissions and it was proved by the tabulate data above. This paper also proved that from executed research above that there is potential ability to use this data on PHERB powertrain.
